Objective. To examine the association of dual use of both Veterans Health Administration (VHA) and Medicare benefits with high-risk opioid prescriptions among Veterans aged 65 years and older with a musculoskeletal disorder diagnosis. Data Sources/Study Setting. Data were obtained from the VA Musculoskeletal Disorder (MSD) cohort and national Medicare claims data from 2008 to 2010. Study Design. We conducted a retrospective analysis of Veterans enrolled in Medicare to examine the association of dual use with long-term opioid use (>90 days of prescription opioids/year) and overlapping opioid prescriptions. Multivariable logistic regression was performed adjusting for demographic and clinical characteristics. Data Collection/Extraction Methods. We identified 21,111 Veterans enrolled in Medicare who entered the MSD cohort in 2008 and received an opioid prescription in 2010. We linked VHA data with Medicare claims data to identify opioid prescriptions for these Veterans in 2010. Principal Findings. As compared to Veterans who used only VHA or Medicare, Veterans with dual use of VHA and Medicare were significantly more likely to be prescribed long-term opioid therapy (OR = 4.61 (95 percent CI 4.05-5.25) and were also found to have higher median number of opioid prescriptions and higher odds of overlapping opioid prescriptions in 1 year. Patients reporting moderate-to-severe pain, non-white-race/ethnicity, and higher scoring on the Charlson comorbidity index had significantly higher odds of long-term opioid prescriptions. Conclusions. Among Veterans aged 65 years or older, dual use of both VHA and Medicare was associated with higher odds of long-term opioid therapy. Our findings suggest there may be benefit to combining VHA and non-VHA electronic health record data to minimize exposure to high-risk opioid prescribing.
efforts may have a more modest impact for patients who receive care outside the VHA. Providers from different health care services often have limited communication with other providers and are unable to share electronic health care records, thereby hampering efforts to provide coordinated care in pain management for Veterans with chronic pain (Stroupe et al. 2013) .
There are nearly ten million US Veterans aged 65 years or older who are eligible for both VHA and Medicare benefits given their military service and age, respectively (American Community Survey 2016). While Veterans who utilize both VHA and Medicare may have access to wider sources of health care, they are also at risk of experiencing increased fragmentation in the care delivered to them (Wolinsky et al. 2006; Pizer and Gardner 2011; Gellad et al. 2015) . In Veterans with chronic pain, having multiple providers from different health care systems may actually be a barrier to receiving a consistent and continuously coordinated care plan to address their pain without an overreliance on opioid therapy (Wilsey et al. 2010; Jena et al. 2014) . It is currently unclear whether Veterans with musculoskeletal disorders who utilize both VHA and Medicare are at higher risk of being prescribed long-term opioid therapy. Given this gap in knowledge, we utilized a national cohort of Veterans in VHA care who are 65 years and older with a new diagnosis of musculoskeletal diagnosis to determine whether there is an association between dual use of VHA and Medicare and opioid prescriptions. We hypothesized that Veterans with musculoskeletal disorders with dual use of VHA and Medicare benefits are at increased risk of being prescribed long-term opioid therapy compared to Veterans only using VHA care.
METHODS

Data Sources
In this analysis, we linked data from the VA Musculoskeletal Disorders Cohort with claims data from the Centers for Medicare and Medicaid Services (CMS) from VA Information Resource Center (VIReC) using patient scrambled SSN (VIReC 2016). The VA Musculoskeletal Disorders Cohort is a comprehensive registry of all Veterans with MSD diagnoses who received care in a VHA inpatient and/or outpatient medical facility between 2000 and 2013 (Goulet et al. 2016) . To be eligible for the VA Musculoskeletal Disorders Cohort, a veteran had to have one of 1,685 distinct International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9CM) diagnoses representing a musculoskeletal disorder recorded at ≥2 outpatient visits occurring within 18 months of one another or at ≥1 inpatient stay. Additional demographic and clinical information was extracted from VHA electronic clinical and administrative data sources in the Corporate Data Warehouse (CDW) for all eligible Veterans both prior to and following the date of their first MSD diagnosis (index date) to enable the analysis of longitudinal outcomes (Fihn 2014) .
Study Design and Population
We performed a cross-sectional analysis of all Veterans who entered the MSD Cohort in 2008 who were aged 65 and older. The date of the first MSD diagnosis was used as the index date. Using data from the CDW Vital Status Mini and Medicare Beneficiary Annual Summary, Veterans were followed from their MSD index date to end of calendar year 2010 or until death (VA Information Resource Center 2015). Patients who died during our study period were excluded. Veterans not eligible for Medicare part D were excluded from our study cohort (e.g., Veterans not enrolled in Medicare Part A for 12 months). We furthermore restricted our study population to only Veterans who were prescribed an opioid from either source in 2010 (Figure 1 ). 
Study Outcomes
Our outcome measures were the proportion of Veterans with long-term opioid prescriptions, defined by >90 days of prescribed opioid therapy and overlap of concurrent opioid prescriptions in 2010. Greater than 90 days of opioid prescriptions has been previously used in prior studies as a marker for long-term opioid therapy (Boscarino et al. 2010; Edlund et al. 2014) . Overlap of opioid prescriptions was defined as an opioid prescription that started before the end-date of a prior prescription, inclusive of prescriptions outside the VHA. We also included as secondary outcomes the number of unique opioid prescriptions and the number of days associated with an opioid prescription. Opioid medications included the following: Codeine, Fentanyl, Hydrocodone, Hydromorphone, Levorphanol, Meperidine, Morphine, Oxycodone, Oxymorphone, Pentazocine, Propoxyphene, Tapentadol and Tramadol. Buprenorphine and Methadone were excluded as the majority of their use is to treat opioid use disorder.
Covariates
Covariates including age, sex, and ethnicity were derived from VHA data on the MSD index date. We also constructed a moderate-to-severe pain intensity variable as defined by a pain score from 4 to 10 in 2008 using the pain intensity numerical rating scale (NRS) score from the VA Vital Signs data on their MSD index date (Strong, Ashton, and Chant 1991; Dobscha et al. 2015) .
We also identified comorbid diagnoses recorded at ≥2 outpatient visits or ≥1 inpatient stay up to 12 months before or 6 months after the MSD index date. We controlled for overall clinical severity by calculating the Charlson comorbidity index (CCI), with higher scores indicating greater comorbidity (Deyo, Cherkin, and Ciol 1992; Klabunde et al. 2000) . We also included mental health diagnoses not included in the CCI: depressive disorder, substance use disorder (alcohol and illicit drug use disorders), and post-traumatic stress disorder (PTSD). We controlled for these conditions because they have high prevalence among Veterans (Brennan, Schutte, and Moos 2005; Hooten et al. 2011; Seal et al. 2012) .
Statistical Analyses
We first described the sample with respect to VHA only, CMS only and dual use of benefits. We then compared clinical and demographic characteristics of Veterans by prescription drug benefits utilization using analyses of variance (ANOVA) for continuous variables and a chi-square test or Fisher's exact test for categorical variables. We then compared patterns of opioid prescriptions including total days' supplied of opioid prescriptions, proportion of patients with >90 days supplied of prescriptions in a year, number of prescriptions in a year, and overlap of concurrent prescriptions. Finally, we used logistic regression modeling to examine factors associated with dual use of both VHA and Medicare benefits, the odds of receipt of long-term opioid prescriptions, and odds of receipt of overlapping concurrent opioid prescriptions, adjusting for other demographic and clinical characteristics as described above. All analyses were conducted using SAS 9.4 (SAS, Cary, NC). All p values are reported as two-sided with significant at p < .05. The VA Connecticut Healthcare System Institutional Review Board approved the MSD Cohort study.
RESULTS
Cohort Characteristics
We identified 21,111 Veterans who met inclusion criteria for this study. The mean age of the analytic sample was 75 with 83.6 percent white and 98.3 percent male. Sixty-seven percent of Veterans received an opioid from VHA only, 26.5 percent Medicare only, and 6.8 percent of both VHA and Medicare. Veterans who used only VHA were significantly younger and had more medical and psychiatric comorbidities. The majority of Veterans in the cohort (58 percent) reported no or mild pain intensity on the NRS at MSD index date (2008) , and Veterans with dual use of prescription drug benefits were more likely to report moderate-to-severe pain (Table 1) . . Non-white race and older age were associated with lower odds of long-term opioid use and concurrent overlapping opioid prescriptions. Moderate-to-severe pain intensity and major depression were independently associated with higher odds of long-term opioid use and concurrent overlapping opioid prescriptions. Additionally, higher scores on the Charlson comorbidity index were significantly associated with higher odds of long-term opioid use; substance use disorder was found to be significantly associated with higher odds for overlapping concurrent opioid prescriptions (Table 4) .
Dual Use and Opioid Prescriptions
DISCUSSION
Our study demonstrates that in Veterans with a newly established musculoskeletal disorder diagnosis, those who used both VHA and Medicare benefits had fourfold higher odds of being prescribed long-term opioid therapy. Furthermore, we found that dual use of VHA and Medicare was associated with higher total number of opioid prescription days and overlapping concurrent prescriptions. Our study suggests that dual use can potentiate high-risk opioid patterns. In this cohort of Veterans with an opioid prescription, with 11 percent being 85 years and older, we did not observe a consistent association between advancing age and long-term opioid prescriptions in our study. However, the relatively high absolute number of opioid prescriptions in this elderly cohort is alarming. Recent studies have highlighted that opioid usage as compared to NSAIDs for pain management in the elderly can lead to higher rates of increased adverse events, such as medication interactions and falls, and allcause mortality rates Saunders et al. 2010; Solomon et al. 2010) . Taken together, prescribers treating elderly Veterans for chronic nonmalignant pain should take extra precaution when prescribing opioids and consider other alternative treatment modalities that may prove equally or more efficacious (Otis, Keane, and Kerns 2003) .The VHA has recognized the importance of multimodal treatments in patients with chronic pain. The recent VA Health Services Research and Development sponsored State-Of-The-Art (SOTA) Conference, "nonpharmacological approaches to chronic musculoskeletal pain management," identified a range of approaches categorized as psychological/behavioral (i.e., cognitive-behavioral therapy, acceptance and commitment therapy, mindfulness-based stress reduction), exercise/movement (i.e., structured exercise, tai chi, yoga), and manual (i.e., acupuncture, chiropractic/spinal manipulation, massage) as having sufficient evidence of effectiveness to encourage their routine availability in the VHA (2018). Despite recommendations for a multimodal approach, opioid medications have been used as a primary or sole treatment modality for many Veterans and general population with chronic pain, with the duration of therapy lasting potentially for many years (Ballantyne and Mao 2003; Edlund et al. 2007 ). The VHA is currently prioritizing various opportunities integrative of multimodal care for elderly Veterans with chronic musculoskeletal pain (Peterson et al. 2016) . Our analysis also found that in Veterans with musculoskeletal diagnoses, a diagnosis of depression was independently associated with higher odds of long-term and overlapping opioid prescriptions. Our findings build upon the substantial literature supporting this relationship (Hooten et al. 2011; Phifer et al. 2011; Seal et al. 2012; Edlund et al. 2014; Zale, Maisto, and Ditre 2015) . The association of depression with long-term opioid prescribing suggests a potential concern that health care engagement may lead to an increase in opioid use in this patient population with mental illness as prescribers may be using opioids to treat both physical pain and psychological pain. Furthermore, our results support the complex relationship between substance use and opioid use for pain management (Brennan, Schutte, and Moos 2005; Zale, Maisto, and Ditre 2015) . Despite VA guidelines that caution prescribers in prescribing opioids in Veterans with substance use disorders, our data reflect that substance use disorder is an independent risk factor in predicting overlapping opioid prescriptions. Given the inherent danger of severe central nervous system depression from simultaneous substance use, such as alcohol use and opioids, there needs to be further efforts to ensure Veterans with substance use histories undergo more thorough assessment of the need for opioid prescriptions (Morasco and Dobscha 2008) . Although our study cohort focused on elderly Veterans with musculoskeletal diagnoses, we believe that our findings are likely applicable to elderly Veterans in the general population that suffer from chronic pain. Our findings are complimentary to a recent study that also analyzed the association of dual use with risk of high-dose opioid exposure and also found that Veterans who were dual users were more likely to receive opioids for more than 90 days in a year and overlapping prescriptions (Gellad et al. 2018) . The joint findings from Gellad and colleague's study and ours emphasize several policy implications. First, the findings of increased overlap in prescription opioids in both our studies suggest potential fragmentation in care as there is little sharing of information across different EMRs allowing for simultaneous prescriptions of duplicate drugs. Second, studies have documented that health care for Veterans with dual use is associated with increased inefficiency and other patterns of high-risk prescriptions in other drug classes suggesting potential risks associated with utilization of different health care systems that has often been hypothesized to be due to fragmentation in the delivery of care (Gellad et al. 2015; Becker et al. 2017) . The importance of improving health care integration is even more important in patients receiving opioid prescriptions as multiple providers or payment sources may significantly place a patient at risk of being prescribed risky opioid therapy (Becker et al. 2017) . Despite current CDC guidelines of recommending prescribing of opioids by a single provider, previous literature has shown that roughly 40-60 percent of Veterans obtain their opioids from multiple providers and those who do, are twice as likely to be admitted for an opioid overdose ( Jena et al. 2014; Dowell, Hargerich, and Chou 2016) .
Accordingly, many states have already begun mandatory prescription drug monitoring programs (PDMP) that have shown some degree of success in reducing prescription rates for opioids (Reifler et al. 2012) . The Comprehensive Addiction and Recovery Act of 2016 mandated VA providers to check PDMPs prior to administering opioids and other controlled substances. However, there are no similar requirements outside the VHA with most states having different leniency and structures on controlled substance monitoring. The preliminary data from such programs have shown a decrease in high-risk opioid prescription patterns such as overlapping opioid prescriptions, and our findings emphasize the potential of creating a national, systematic database that can serve as a platform to help improve coordination among different health care systems. This national database would facilitate a coordinated and integrative approach to treating Veterans and civilian patients with chronic pain without overreliance on opioid therapy.
Our study has several limitations that must be considered in interpreting the findings of our study. First, we only included Veterans who utilized VHA health care; therefore, our results may not be applicable to Veterans who did not utilize VHA care. Second, our study was based off VHA and Medicare claims data which is subject to clerical errors and miscoding. Third, our study presents data from 2010 and may not be reflective of current prescribing guidelines. However, our results are similar to more recent data (Gellad et al. 2018 ) and we believe our main findings regarding dual use of benefits remain currently relevant. Our study cohort was comprised of Veterans who were enrolled in Medicare Part A but not necessarily enrolled in part D benefits. This may have introduced potential bias given there may be heterogeneity in single use and dual use of prescription benefits. Additionally, information on comorbidities was from VHA data only and may have underestimated the comorbidities among Veterans who received their care predominantly outside the VHA. Furthermore, our dataset lacked certain variables such as socioeconomic status so there may be still residual cofounding in our results. In particular, although we appreciate that dual users may be using more care and thus potentially leading to higher prescription rates, we were unable to adjust for health care utilization in our analyses. Moreover, although we used the VA musculoskeletal cohort entry data as an anchor after which Veterans were followed for 1-2 years to define a cohort with at least one opioid prescription, our analysis remains a cross-sectional examination of an observational dataset Dual Use and Opioid Prescriptionswhich limits our ability to draw conclusions about causation. Therefore, we were not able to determine a direction of causality. We also used a one-item measure of current pain intensity. No other pain-relevant variables are routinely collected in the electronic medical record, so other variables which capture the full complexity of pain as a construct such as type of pain (acute vs. chronic), location of the pain, and pain interference were not available to us. Finally, we were only able to capture opioid prescriptions patterns from the administrative data which is only a surrogate marker of opioid prescription intake by Veterans.
In summary, we found that Medicare-eligible Veterans with musculoskeletal disorders using dual care were associated with higher rates of high-risk opioid prescribing including chronic opioid therapy and overlapping opioid prescription. The implications of our study emphasize the value in linking VHA and non-VHA data to improve the quality of care delivered to Veterans. Further research is needed to understand whether improving multisystem care can decrease reliance on opioid therapy for Veterans with chronic pain.
